Introduction
We have recently provided evidence for the single-cell origin of mouse hemopoietic colonies expressing multiple lineages in variable combinations (1) . While several types of human multilineage colonies have been described (2) (3) (4) (5) , the evidence for their clonal origin has been indirect and has involved the analysis of Y chromatin (4) or studies of glucose-6-phosphatedehydrogenase mosaicism (6) . To study the single-cell origin of human multilineage colonies, we carried out serial observations of colony formation from candidate progenitors to mono-and multilineage colonies in culture, and developed a method to predict candidate colony-forming cells with a reasonable degree of accuracy. Using the micromanipulation technique developed in the murine system (1), we isolated single hemopoietic progenitors, replated them in culture, and performed differential counts of all resulting hemopoietic colonies. We then cultured My-10 antigen-positive cells (7) that had been separated by a panning technique, and found a high incidence of mixed hemopoietic colonies. The results were similar to those of the murine multilineage colonies of single-cell origin, and documented the clonal nature of several types of bi-, tri-, tetra-, and pentalineage colonies revealing varying combinations of lineages. These observations are consistent with the stochastic principle of stem cell differentiation in man and provide additional support for the stochastic model of stem cell differentiation we have previously proposed (8) by use of an Eppendorf micropipette, and smears were prepared using a cytospin (Shandon Southern Instruments, Inc., Sewickley, PA) (9) . Larger colonies of >500 cells were picked, made into single-cell suspensions, and aliquoted into two half-samples. One half of the sample was used for counting with a counting chamber, and the other half was spun in a cytocentrifuge for cytological examination. Smears were stained using the May-Grunwald-Giemsa method, and total cell differential counting was carried out on the smears. The accuracy of the latter method has been previously established by the concordance between the size of a diffuse basophil colony estimated in situ and that counted on the smears (5).
Results
Identification of candidate hemopoietic progenitors. First, we carried out several sequential observations (mapping studies) of the growth of small blast cell colonies to mono-and multilineage colonies in culture using the method we described for mouse blast cell colonies (14) . By identifying smaller blast cell colonies each time and constructing a time course of colony formation, we deduced that the optimal time for isolating single progenitors is between days 2 and 5 of culture. The colony-forming cells are larger than lymphocytes and neutrophils, round, and evenly refractile. Often, they could be seen with pseudopod-or flagella-like structures ( Fig. 1 A and  B) . We could identify noncolony-forming cells on the basis of small cell size, ragged contour, or granular appearance.
Colony formation from single cells. A representative time sequence of colony formation from a single cell to a multilineage colony and the companion May-Grunwald-Giemsa preparation are depicted in Fig. 1 A-D ( 17) suggested that the use of unfrozen human plasma and platelet-poor plasma supports megakaryocyte colony formation better than serum.
Discussion
The results presented in Table I were similar to our observations of murine hemopoietic colonies of single cell origin (1) 4 is an example of multiple lineage combinations (five lineages) with low proliferative expression by all members (120 cells). Previously, we documented varying proportions of cells in different lineages in murine multilineage colonies (1) . In the analysis of paired progenitors from single cell origin, we noted that there were discordances among the apparently homologous pairs (18) . Proportions of lineage expression as well as colony size differed significantly between members of some of the pairs. In another report, we also noted one eosinophil in a multilineage colony of single-cell origin consisting of 732 cells (19) . Documentation of the presence of a very small number of cells in one lineage in a multilineage colony may possess serious implications for the cellular model of stem cell differentiation. These colonies were seen in cultures that are permissive to all lineages expressed in Table I as exemplified by large single-lineage colonies in the same culture.
It has generally been held that differentiation of hemopoietic stem cells consists of two compartments: commitment of multipotent progenitors to monopotent progenitors, and maturation of monopotent progenitors to mature cells. Erythroid burst-forming units, colony forming unit in culture, and megakaryocyte colony forming unit are depicted as the early (committed) erythroid, granulocytic, and megakaryocytic precursors, respectively, with each possessing significant proliferative capabilities (20 culture studies of hemopoiesis indicated that multilineage colonies are large and macroscopic, while colonies derived from monopotent progenitors, such as erythroid burst-forming units and erythroid colony-forming units, are significantly smaller.
Based on the observations presented in this report, we propose a modification of the stochastic model of stem cell differentiation schematically depicted in Fig. 2 (22) proposed that the decision of a stem cell to self-renew or to differentiate is a stochastic process. Subsequently, we have presented experimental data suggesting that self-renewal and commitment of multipotent progenitors to monopotent progenitors is a e @3~~~~~~bat @ stochastic process (1, 18, 23) . We now propose that the entire process of stem cell differentiation and proliferation is a stochastic process.
